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2.12. Storage and reliability 
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On the Control of a Never Empty Finite Dam 
F.A. Attia, Kuwait University, Kuwait 
The long-run average cost per unit time of operating a finite dam is determined. 
The dam has capacity c, Markovian input rate and is controlled under the following 
pM a.b policy. Assume the dam is initially empty. The release rate is kept at 0 until 
the water level in the dam reaches the level b(0 < b < c) at which instant he water 
is released at rate M with cost KM, where K is a positive constant. The output rate 
is kept at M as long as the water level exceeds the level a (0< a < b) and must be 
decreased to 0, at no cost, once it reaches the level a. There is a reward of one unit 
for each unit of water released. A penalty function when the water level drops below 
a predetermined level I (a < I < b) is also introduced. 
Transient Analysis of a Semi-Markov Availability/Reliability Model: Numerical 
Exploration via the Matrix Laguerre Transform 
Ushio Sumita* and Yasushi Masuda, University of Rochester, New York, USA 
We consider a system having multiple resources of system failures. Lifetimes and 
repair times have general system-state-dependent distributions. Multiple failure 
resources may be removed or introduced through repairs. The model is formulated 
as a multivariate stochastic process with certain semi-Markov structure. The 
exponentiality assumption prevalent in the literature is totally eliminated. 
Expressions are derived for various performance measures of practical interest, 
combining availability and reliability of the system at time t. Using the matrix 
Laguerre transform of Sumita (1984), corresponding computational procedures are 
also developed. A numerical example is given, demonstrating speed, accuracy and 
stability of these procedures. 
2.13. Ergodic theorems 
Pettis Mean Convergence of Martingales and Amarts 
Bon Dae Choi, Korea Advanced Institute of Science and Technology, Chongyangni, 
Seoul, Korea 
We characterize the Banach space with Radon-Nikodym property in terms of 
Pettis mean convergence of Pettis integrable martingales and amarts. Let (f2, £,/z) 
be a fixed probability space and E a Banach space with continuous dual E*. Let 
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J be a directed set filtering to the right and {Z,, t e J} be an increasing net of 
sub<r-algebras of X. For E-valued Pettis integrable random variable X, define 
vector-valued measure X . /x :  2; --> E by (X . /x) (A)  = IA X d/~L. Denote the variation 
of vector measure X . /x  by I X . /x  I. 
Theorem. The following are equivalent; 
(i) Banach space E has Radon-Nikodym property. 
(ii) For every probability space (~, .Z,/.L), every uniformly integrable martingale 
( Xt, Zt, J) of Pettis integrable random variables converges in Pettis norm, if set function 
sup,[Xt- ~1 is tr-finite on (J2, -'~to) for some toC J. 
(iii) For every probability space (g~,.,~,/.t), every uniformly integrable amart 
(Xt, ~,t, J) of Pettis integrable random variables converges in Pettis norm, if set function 
suptIX~ "/~l is o'-finite on (g2, .Z,o ) for some toe J. 
An Improved Subadditive Ergodic Theorem 
Thomas M. Liggett, University of California, Los Angeles, USA 
Kingman's subadditive rgodic theorem is one of the most useful and widely 
applicable limit theorems in probability theory. Even so, there are a number of 
potential applications which seem to be subadditive in some sense, but yet do not 
satisfy Kingman's hypotheses. To handle these examples, Kesten and Hammersley 
developed the theory of superconvolutive distributions. One disadvantage to their 
approach is that it yields almost sure convergence only along an exponentially 
growing sequence of times. To get convergence along the full sequence, it is then 
necessary to use a separate argument, often based on monotonicity considerations. 
In this lecture, we present an improved version of Kingman's theorem which unifies 
these two approaches. His hypotheses are weakened in such a way that they are 
satisfied in many of the situations which were previously treated via the supercon- 
volutive theory. Examples which will be mentioned are the first birth problem for 
branching processes and the analysis of edges in oriented percolation and the contact 
process. The proof of the theorem involves a rather simple reduction to the additive 
case, where Birkhoff's ergodic theorem can be applied. 
Mean Ergodic Flows in Banach Spaces 
Takeshi Yoshimoto, Toyo University, Kawagoe, Saitama, Japan 
In ergodic theory dealing with limit behavior of discrete and continuous emi- 
groups of operators on Banach spaces, the (C, 1)-limits have been given satisfactory 
formulations (1971 Chatterji's theorem in the discrete case and 1976 Masani's 
theorem in the continuous case-c f .  Eberlein's 1976 note on Masani's theorem). 
This fact naturally raises the question of whether or not other generalized limits 
